The issue of adapting enterprises to operate in accordance with the assumptions of the Industry 4.0 concept now requires performing highly complex and responsible analyses in manufacturing enterprises. Based on the Industry 4.0 concept, maintenance services and also the implemented IT solutions in a production enterprises are now a significant factor in their development process. The article presents an analysis of the degree of use of the Manufacturing Execution System (MES) in the maintenance department based on an example of a manufacturing company in the automotive sector of this industry. The analysis was performed in terms of the degree of execution of specific business processes in the maintenance department with the help of MES. The results of the analysis allow to confirm the possibility of adapting the enterprise to the Industry 4.0 concept.
Introduction
The Industry 4.0 Concept assumes the implementation of IT-assisted connections between people, objects and systems, thanks to the exchange of data and information in real time (Dorst, et al., 2015; Spath, et al., 2013 ).
In order to be able to implement the objectives of the Industry 4.0 Concept, manufacturing companies should invest in those IT technologies that support the implementation of processes or activities, since IT systems are the basis for further investments in "smart" technologies.
The transition to "level 4.0" also requires huge investment in supplementing the knowledge of managers and engineers, so that they may implement and use the latest IT technologies supporting the production processes.
Implementation and use of the Manufacturing Execution System (MES), may enable activities related to the automation of production in the enterprise and may constitute the first stage of development, within an enterprise, in line with the Industry 4.0 Concept.
The functional complexity of the processes performed by employees in the maintenance department requires the application and investing in increasingly specialized IT systems and technologies as well as software packages, which can provide a competitive advantage to their users.
MES directly supports the implementation of production processes and, at the same time, is used to support activities carried out in the maintenance department of production enterprises. The aim of the MES implementation is to support the activities within a company to optimize the production operations (Jacobson, et al., 2005 (Jacobson, et al., , 2006 MES implemented in the production area, which combines planning systems with industrial automation systems, controls the course of production processes and also performs the characteristic functions of the Supervisory Control and Data Acquisition system, that is, a unified interface to production controllers and autonomous industrial systems.
This article analyses the effectiveness of the implementation and the use MES in a maintenance department, based on an example of a manufacturing company in the automotive sector of industry; analysis was provided on three levels of management, viz., operational, tactical and strategic.
Effectiveness of the application of the MES in manufacturing enterprises
Polish manufacturing companies, to adapt their structure and activities to the assumptions of the Industry 4.0 concept, should implement and use IT systems. Knowing that the average robotization density, in Poland, is 4 times lower than in the rest of Europe (Fig. 1) , research should be conducted in the field of the computerization and automation of Polish manufacturing enterprises. MES is an integrated solution that supports computer-aided planning and the control of continuous and discrete production processes. An example of a model of MES that tracks production processes and resources, as well as production control, is shown in Fig. 2 (Klonowski, 2004) .
The main task -which the solutions for MES systems seek to improve -is efficiency in the production processes. The elements of such a solution are:
 a server with a database -where data is collected and processed,  elements of automation -necessary for obtaining data (e.g., drivers),
 end devices -which enable communication with the server and machines and thus allow data to be read and presented (e.g., HMI panels, mobile devices, computers),  user software -a programme, or an application with an appropriate interface, enabling employees to read, enter and process data, using end devices.
According to (Muhammad, et al., 2009) An analysis of the functionalities of MES systems available on the Polish market was carried out in terms of supporting the defined activities in the maintenance department (Table 1) . It was found that the analyzed systems support activities carried out by employees on three levels of management, viz., operational, tactical and strategic in the maintenance department and it can be analyzed by their level of use in this section of an enterprise.
The effectiveness is not a clearly defined concept, either in the Polish or in the foreign literature; synonymous concepts such as efficiency, productivity and functionality can be found.
The effectiveness is usually considered at three levels:
 organizational -strategy, structure, method for using resources,  process -implementation of processes and their co-operation,
 work positions -a set of activities in the workplace, personnel competences.
According to Drucker, effectiveness is a key factor in the development of a company, serving its selffulfillment and survival (Drucker, 1994) ; it is an organization's ability to implement strategy and achieve its goals (Skrzypek, 2000) .
The effectiveness of using information technology results from using the technology's potential, in order to improve the efficiency of supported operations (Laudon and Laudon, 2001 ). In economic terms, effectiveness is the result of an enterprise's business activity, being the ratio of the effect obtained, to the expenditure incurred (Szafrański, 2007) .
In the article, it has been assumed that the effectiveness of the application of the MES is treated as the degree of utilization of available system functionalities in a production company, on three levels of management: strategic, tactical and operational and using, as an example, a maintenance department.
A Case Study
An analysis of the degree of use of the MES, at strategic, tactical and operational levels in a maintenance department, was carried out assuming that the manager of the maintenance department supervises the work of 13 employees who operate 380 machines throughout the production enterprise. Production is carried out in the company in a two-shift operation.
The employees of the maintenance department carry out defined activities:
 at the strategic level: -by monitoring/tracking the production schedule, -by monitoring/tracking the production plan, -by e-mailing about upcoming events, such as repairs and reviews,
-by the on-line monitoring of equipment/ machines,
-by activating/triggering the alarm system in the event of a break-down.
For example, the process in the maintenance department: a preventive inspection is shown in Fig. 3 , which is supported by the MES, in which the following activities are defined:
 analysis of the schedule, In order to analyze the effectiveness of the use of the MES at the strategic, tactical and operational levels, in the maintenance department of the Polish manufacturing company within the automotive sector of industry, specific activities have been identified by the employees, that are realized using the MES completely or partly (Fig. 4) .
These are defined as:
 tracking the status of devices/machines in real time (on-line), The analysis of the use of the MES in the maintenance department is shown in the Fig. 4 .
In most cases, the use of the MES, in the maintenance department, is supported only partially at all three levels of the employees' work in this department, viz., on the strategic level at almost 50%, on the tactical level at 30% and on the operational level at more or less the same percentage of around 26% (Fig. 4) . Figure 4 . Activities carried out in the maintenance department, divided into three levels, using the MES information system. Test results (Source: Own elaboration) Figure 5 . Activities carried out in the maintenance department, divided into three levels, using the MES information system within 8 hours of work. Test results (Source: Own elaboration)
In analyzing the time for those maintenance department activities, completely assisted by the MES over an 8-hour working day, it can be stated that almost 60%, or about 5 hours of work, is supported by IT in the strategic job position; while in a tactical position, this is about 25% of the time, which is 2 hours of work. The smallest amount of work time, that is, only 1%, is fully supported by the system in the operating position (Fig. 5) . In analyzing the activities performed by maintenance workers over a month (Fig. 6) , it can be stated that work at the strategic level is supported most only partly by the system, that is, by about 46%. Work entirely performed by the system, at this level, is supported by about 13%.
In Fig. 6 , it can clearly be seen that work performed without system support, for a strategic level employee, constitutes a large percentage of his/her work, that is, about 41% of activities. However, work carried out without system support at the tactical level constituted about 35% of the activities, while work in the operational position accounted for only about 11%. The smallest number of activities performed entirely by the MES system over a month was observed in the operational position and accounted for only 2%.
Moreover, by analyzing the activities carried out entirely by the MES, at the strategic, tactical and at the operational levels, over a one-year period, it can be seen that a very small number of activities, only about 4%, are performed entirely by the IT system at the operational level.
The realization of the activities partially supported by the system is more satisfactory at the strategic level -it constitutes some 50% of activities. At the tactical level, this is only about 20% of activities performed entirely by the IT system, as is shown in Fig. 7 .
Also, in this maintenance department the activities that are not IT-supported by the MES, are identified: Based on the conducted research in a manufacturing company in the maintenance department, in which the employees use the MES, it can be concluded that the activities performed by these workers within 8 hours of work are to a small extent assisted as a whole by the IT system. The work of these employees is only partially supported by the IT system (Fig.  4) .
Almost half of the work realized by the workers within a month, especially of employees at the strategic level, is still not supported by the MES and almost the same with partial system support (Fig. 6) .
A similar situation of the system's effectiveness refers to the work performed during the year for the activities of strategic employees (Fig. 4) .
The work carried out by the tactical level in the maintenance department both during the month and the year are fully or partially supported by the system at a similar level, it is only about 20% of activities ( Fig. 6 and Fig. 7 ).
The least effectiveness of the use of MES is for the activities related to employees on the operational level; during a business day, their activities are supported only in about 1% of the time of activities performed by these workers (Fig. 5) .
Also, works performed during the year are the least supported both completely and partially by the system at this level (Fig. 7 ).
An Evaluation of the Effectiveness of Applying the MES in a Maintenance Department -A Case Study 269
Conclusions
Bearing in mind that the maintenance department in this company has to service 380 machines and devices, and business processes performed at the operational level are not supported by the system, and also, activities performed by employees at the strategic and tactical level related to tracking the state of machines and devices during a month or year are also not computerized, it can be concluded that the company is very far from the enterprise model prepared for the implementation of the industry concept 4.0.
In order to achieve the objectives of the Industry 4.0 concept, systems supporting activities (business processes) of maintenance services should map the actions performed by employees at all three levels: strategic, tactical and operational in the functions of relevant software relating to the cycles of real production processes, and thus, also to the operations of the services, which contribute to the reliability of these processes.
Unfortunately, the presented research results indicate that the Polish company from the automotive industry, which is perceived as one of the most automated in our country, is not prepared to implement the Industry 4.0 concept.
Further directions of work include currently conducted research in another enterprise from the automotive industry, this is an industry branch in the field of industrial processing qualified for section C according to the Polish Classification of Activities (PKD 2007) in order to compare with current results.
Those enterprises were chosen in the context of Industry 4.0 because their employees are largely responsible for the operation and efficiency of intelligent machines and IT tools.
The need for detailed research was noted because in today's era of automation, computerization and digitalization, according to the Industry 4.0 concept, the Polish enterprises have to compete on the market.
